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elationship Between Previous Training and
xperience and Results of the Certiﬁcation
xamination in Cardiovascular
omputed Tomography
llen J. Taylor, MD,* Jonathan Patrick, MD,* Suhny Abbara, MD,†
aniel S. Berman, MD,‡ Sandra S. Halliburton, PHD,§ Jerome L. Hines, MD,
ohn McB. Hodgson, MD,¶ John R. Lesser, MD,# L. Samuel Wann, MD,**
im A. Williams, MD,†† Jack A. Ziffer, PHD, MD,‡‡ Lorraine J. Lennon, BA,§§
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ashington, DC; Boston, Massachusetts; Los Angeles, California; Cleveland, Ohio;
insdale, Illinois; Danville, Pennsylvania; Minneapolis, Minnesota; Milwaukee, Wisconsin;
hicago, Illinois; Miami, Florida; and Gaithersburg, Maryland
xaminees of the ﬁrst Certifying Examination in Cardiovascular Computed Tomography were surveyed
egarding their training and experience in cardiac computed tomography. The results support the current
raining pathways within the American College of Cardiology/American Heart Association competency criteria
hat include either experience-based or formal training program in cardiovascular computed tomography.
ncreased duration in clinical practice, the number of scans clinically interpreted in practice, and level 3ompetency were associated with higher passing rates.
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pardiac computed tomography (CCT)
has undergone rapid technological
advancements and has become a
widely used modality in cardiovascu-
ar imaging over the past decade. To help assess
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une 18, 2010, accepted June 25, 2010.ndividual physicians’ expertise in the applica-
ion and interpretation of CCT, the American
ollege of Cardiology (ACC) and several part-
ering organizations developed clinical compe-
ency criteria for CCT in 2005 (1). The official
ocument included a general description of the
nowledge and cognitive skills identified by
xperts as necessary for competency in CCT.
n addition, the requisite duration of training
nd numbers of cases performed and inter-
reted for level 1, 2, and 3 competencies were
dentified. Notably, these training and experi-
nce requirements were empirically selected
ased on expert opinion.
To further the tools documenting profi-
iency in CCT, the ACC, the American Soci-
ty of Nuclear Cardiology, The Society for
ardiovascular Angiography and Interven-
ions, and the Society of Cardiovascular Com-
uted Tomography established the Certifica-
ion Board of Cardiovascular Computed
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977omography (CBCCT). In May 2007,
he CBCCT embarked on a compre-
ensive and inclusive effort to develop
he Certification Examination in Car-
iovascular Computed Tomography
CECCT) (2). The process included
etailed surveying of 600 CCT prac-
itioners from various practice settings
nd medical specialties. From this
omprehensive international effort, the
cope of current clinical application of
CT was documented, and the precise
nowledge and skills needed to perform
hese tasks were identified. Test con-
ent was focused on these essential
kills and was developed according to
he best psychometric standards. The
nal product was a practice-based exam
esigned for physicians to document
heir proficiency in the clinical applica-
ion of CCT.
The requirements for cardiologists
nd nuclear medicine physicians to
chieve eligibility for the exam were in
art adapted from the ACC/American
eart Association level 2 competency
riteria, with requirements including 50
linical studies performed and 150
ontrast-enhanced exams interpreted.
hose who completed their training
efore 2005, before the publication of
hese competency criteria (legacy exam-
nees), required letters from colleagues
ttesting to their CCT experience
ithin same case number requirements.
he eligibility requirements for radiol-
gists included demonstration of com-
etency with thoracic CT and at least
0 contrast-enhanced CCTs. The first
Table 1. Examinee Response to “How Did You R
A training course (including hands-on review of da
A short-term visiting fellowship 14 days in a hosp
An intermediate term visiting fellowship (15 days t
During my formal clinical fellowship (1 month of
During my formal clinical fellowship (1 month of
Dedicated clinical/research fellowship in CT imagin
Self-trained before the publication of the ACC Com
Mentored by a qualiﬁed expert (ACR or ACC level 2
Responses add up to more than 451 because survey respon
ACC  American College of Cardiology; ACR  American ColleECCT was administered in Septem-
er 2008 and provided a unique oppor-
unity to survey a spectrum of skill and
xperience in CCT and its relationship
o success on the examination. The
bjective of the current study was to
ssess the relationship between prior
raining and experience in CCT and
he results on the initial CECCT and
o use this evidence to evaluate the
urrent ACC competency criteria.
ethods
y approval of the Board of Directors
f CBCCT, an anonymous online sur-
ey was presented to all examinees of
he 2008 CECCT. It included 10
ultiple-choice questions covering the
hysicians’ formal training in CCT,
xperience reading exams (clinically
nd/or in workshops), and current
ractice environment. The survey was
onducted during the period between
he completion of the examination and
he announcement of the examination
esults. Examinees were informed that
esults of the survey would not impact
ass/fail decisions. Responses to these
uestions were compared with respon-
ents’ test results (including pass/fail
ates and total number of questions
nswered correctly). Descriptive statis-
ics are provided for the survey re-
ponses. Comparisons among categor-
cal variables are performed with the
hi-square test. An exploratory logistic
odel (not pre-specified) was con-
tructed evaluating the independent
ve Your Formal Training in Cardiovascular CT?” a
Proportion of
(n 
ts or videos of scan acquisition) 299 (6
or imaging center 126 (2
months) 52 (1
7 (1
44 (9
6 months 27 (6
ncy in Cardiovascular CT criteria 103 (2
3) at my home institution 113 (2
s may have received more than 1 method of training.
ge of Radiology; CT  computed tomography.ariables associated with passing the
ECCT. All statistical analysis was
erformed using SPSS version 16.0
SPSS Inc., Chicago, Illinois). Statisti-
ally significant differences were de-
ned as a 2-tailed p value 0.05.
esults
ll examinees in 2008 (n  872) were
ent surveys, and 451 responded
51.7%). The pass rate among respon-
ents (85%) was above the pass rate of
onrespondents (327 of 421, 77.7%;
 0.01).
ormal training. Responses regarding the
ature of the examinees’ formal training
n CCT are displayed in Table 1. Exam-
nees were instructed to select all of the
ethods of training that applied to
hem. A majority of examinees had
articipated in a CCT training course
t some point in their training (66.3%).
lso, 22.8% of respondents were “leg-
cy” examinees—physicians who self-
rained before the 2005 publication of
CC competency criteria. Such indi-
iduals identified generally high expe-
ience levels and had an examination
ass rate of 93.2%. Relatively few ex-
minees had trained in CCT during
heir clinical fellowship (requiring 2
onths of CCT; 9.8%) or a dedicated
CT fellowship (6.0%). Pass rates for
hese pathways were 100% and 96.3%,
espectively. Examinees who reported
1 month of CCT training during
heir formal clinical fellowships had the
owest pass rate (71.4%).
ssociated Exam Pass Rates
pondents
)
Pass Rate Among Respondents
Receiving This Type of Training
) 243 (81.3%)
) 110 (87.3%)
) 44 (84.6%)
) 5 (71.4%)
) 44 (100%)
) 26 (96.2%)
) 96 (93.2%)
) 95 (84.1%)ecei nd A
Res
451
tase 6.3%
ital 7.9%
o 3 1.5%
CT) .6%
CT) .8%
g  .0%
pete 2.8%
or 5.1%
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978Examinees were asked to describe
heir level of expertise in CCT, as
efined by the ACC competency crite-
ia (Table 2). ACC level 2 and 3
xaminees were nearly equally repre-
ented (49.9% and 45.2%, respectively).
he ACC level 2 examinees passed
pproximately 80% of the time. ACC
evel 3 examinees performed better,
assing at 91.7% (p  0.014). The
mall number of examinees who de-
cribed themselves as qualified by the
merican College of Radiology (1.6%,
 7) all passed the exam (100% pass).
xaminees with primary specialties of
ardiology, radiology, and nuclear im-
ging all performed well. Overall, radi-
logists passed at the highest rate
96.4%) compared with 83% to 84% for
he other 2 specialties (p  0.006).
owever, when controlling specialty
or ACC competency level, there was
o difference between specialties, as
ore radiologists met ACC level 3
riteria.
xperience interpreting CCTs. The num-
er of contrast-enhanced CCT exams
or which an examinee was responsible
or the official clinical interpretation
nd the associated examination pass
ate is shown in Figure 1. There was a
elationship between the number of
linical CCT interpretations performed
nd the likelihood of passing the exam-
nation (chi-square, p  0.001) (Fig. 1)
nd a bivariate relationship with the
xamination score (r  0.23; p 
.001). Similar relationships were ob-
erved with the duration of clinical
CT experience for the likelihood of
Table 2. Examinee Response Regarding Their Le
the ACC or ACR Criteria and the Associated CEC
Proportion of Respondents
(n  451)
ACC level 1 5 (1.1%)
ACC level 2 225 (49.9%)
ACC level 3 204 (45.2%)
ACR 7 (1.6%)
I don’t know 10 (2.2%)
CECCT  Certifying Examination in Cardiovascular Computeassing the exam (chi-square, p .001) (Fig. 2) and the examination
core (r  0.25; p  0.001). There was
n inverse relationship seen between
he number of cases interpreted during
orkstation training courses and pass
ate (p  0.05) (Fig. 3) and no overall
elationship with the examination score
r  0.001; p  NS).
We used logistic regression to eval-
ate the independent correlates of pass-
ng the examination. The model con-
rolled for the duration of time in the
linical practice of cardiovascular CT,
he number of scans clinically inter-
reted, the number of scans interpreted
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Figure 1. Relationship Between the Number of C
Percentage of Examinees Passing the CECCT (n
There was a relationship between the number clini
of passing the examination (chi-square, p  0.001)
of Expertise in Cardiovascular CT According to
ass Rate
Pass Rate Among Respondents Within This
Category of Cardiovascular CT Experience
2 (40%)
179 (79.6%)
187 (91.7%)
7 (100%)
8 (80%)
mography. Other abbreviations as in Table 1.CECCT  Certifying Examination in Cardiovascular Comuring workstation courses, and exam-
nee subspecialty. Duration of time in
he clinical practice of cardiovascular
T was significantly related to passing
he examination (odds ratio 1.29 per
ategory increment as shown in Fig. 2;
5% CI: 1.02 to 1.64; p  0.03). The
ther variables were not independently
ssociated with passing the CECCT.
ractice setting. Examinees currently
orking in private practice settings
ad pass rates of 84% (office-based
ractices) and 83% (hospital-based
ractices). Examinees from university
ospitals had a pass rate of 94%.
xaminees exclusively involved in
linical work had a pass rate of 82.4%,
nd those with combined clinical and
esearch activities had a pass rate of
3.2%. Activities associated with a
igh pass rate included publishing
riginal research in CCT (96.1%
ass), lecturing on CCT (94.2%
ass), and mentoring/training other
linicians in CCT (93.9% pass).
hose involved in none of these pur-
uits passed 74.6% of the time.
 Scans Interpreted
1-300 301-500 500 -1000 >1000
 = 64 N = 60 N = 35 N = 58
Scans Interpreted in Clinical Practice and the
47)
CT interpretations performed and the likelihood
 cardiovascular computed tomography;CCT
15
N
CT
 4
cal C
. CCTvel
CT Pputed Tomography.
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979iscussion
nitial recommendations regarding
raining and experience in CCT defin-
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Figure 2. Relationship Between the Length of Ti
Percentage of Examinees Passing the CECCT (n
The duration of clinical CCT experience was related to
0.001), with the highest pass rate seen for those in cl
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Figure 3. Relationship Between the Number of C
Courses and the Percentage of Examinees Passin
There was an inverse relationship seen between th
training courses and pass rate (p  0.05) and no o
(r  0.001; p  NS). Abbreviations as in Figure 1.ng levels of competency were empiri-
ally defined through expert consensus
n 2006. Subsequently, the CBCCT
stablished a certifying examination in
Practice of CCT
s 1-2 years
N =114
2-5 years
N =140
>5 years
N = 27
in the Clinical Practice of CCT and the
49)
likelihood of passing the exam (chi-square, p 
l practice 5 years. Abbreviations as in Figure 1.
eted at Workstation Courses
101-150
N = 63
151-300
N =149
>300
N =191
Chi-square P= 0.05
Scans Interpreted in Workstation Training
he CECCT (n  450)
mber of cases interpreted during workstation
ll relationship with the examination scoremCT, providing the opportunity to
valuate the relationship between the
CC criteria and success on the exam-
nation. The results suggest that indi-
iduals meeting the competency criteria
erform well on the CECCT, although
relationship does exist between CCT
xperience and success on the examina-
ion.
The main findings of the present
tudy include a pass rate of approxi-
ately 81% and a relationship between
xperience and success on the examina-
ion. In general, level 3 examinees per-
ormed better than level 2 examinees,
nd a relationship existed between the
umber of scans interpreted by the
xaminee or their time in practice and
ass rate. Nonetheless, survey respon-
ents possessing the minimum criteria
or CBCCT candidacy performed well.
nterestingly, there was no relationship
etween the number of exams inter-
reted in workstation educational
ourses and exam results. This finding
upports the ACC competency criteria
ecommendation that no more than 50
f the required 150 cases for level 2
ompetency are permitted to be ob-
ained solely through workstation
raining courses. Lastly, individuals
erformed well on the exam regardless
f specialty or practice setting (office,
ospital, or university practice).
The literature on the optimal meth-
ds of training to develop expertise in
CT is limited. In a study of 4 CCT
rainees, accuracy for computed tomog-
aphy angiography interpretations
howed little improvement over 1 year
f training involving nearly CCT 600
ases (3). In contrast, a different study
f 2 learners showed progressive im-
rovement and proficiency (relative to
nvasive coronary angiography gold
tandard diagnosis) over approximately
50 CCT cases (4). However, neither
f these small studies replicates the
raining and experience recommended
y the ACC competency criteria,
hich include specific content areas, a
inimum of 20 h of certified continuingthe 
onth
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980ent for expert mentoring, and exposure
o 150 CCT cases. Thus, the present
tudy extends our understanding of the
pecific competency criteria as specified
y the ACC under the CECCT as a
urrogate for proficiency in CCT.
The finding of an inverse relation-
hip seen between the number of cases
nterpreted during workstation training
ourses and pass rate deserves specific
ention. The CECCT is not centered
n workstation software skills, as often
aught in these courses, and thus we
peculate that overemphasis of this type
f training may prepare clinicians well
or day-to-day clinical practice, but be
ess effective for the purposes of the
ECCT. Alternatively, it may have
een emphasized by examinees with
ifficulty in gaining real-life experience
ue to other barriers in acquiring real-
ife experience. Dedicated study of op-
imal methods of learning CCT is2005;46:383–402.
2
3
4nces relate to both the CECCT and
ractical clinical proficiency.
There are limitations in using these
ata to assess the effectiveness of dif-
erent methods of exam preparation
nd the appropriateness of various
CT competency criteria. First, there
s the uncertainty regarding how well
erformance on the CECCT truly rep-
esents an individual’s proficiency in
linically reading CCTs or relates to
ny other external quality or outcome
easure. This is true for any type of
edical board examination, and, even
hough the CECCT was developed
ccording to best practices for such
xaminations, this limitation must be
oted. Second, although it is clear that
xaminees reporting each of the meth-
ds of formal training did well on the
xam, it is difficult to dissect out the
elative contribution of each method to
xaminees’ pass rates. An exception toBotker HE, Norgaard BL. Coronary com-
K
yf those applicants who had dedicated
T training for 8 weeks (including
onger-term dedicated CT fellow-
hips). Although the survey response
ate was modest and respondents had a
imilar pass rate to nonrespondents,
election bias is possible, including self-
election to undertake the CECCT.
onclusions
he results of the first CECCT sup-
ort the current training pathways
ithin the ACC/American Heart As-
ociation competency criteria that in-
lude either experience-based or formal
raining program in cardiovascular CT.
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